Endothelial cells derived from human umbilical veins were first successfully cultured in vitro in 1973. Weibel-Palade bodies and the von Willebrand factor antigen were used as morphological, immunohistochemical, and functional markers to unequivocally identify the cells. These landmark studies helped initiate the growth of modern vascular biology.
It was a warm sunny afternoon late in the spring of 1969 when one of us (Nachman) spent an hour in the office of a renowned cell biologist discussing why his laboratory wanted to study the biology of endothelial cells. Nachman tried to convey the conviction that this had to be the key to understanding how the blood vessel wall worked. Despite his enthusiasm, the essence of the response received was: "You are probably dealing with the inner tube of a tire and, in fact, if you can grow them in culture, you will probably end up with a nondescript fibroblast. Stick to platelets and blood coagulation." Lord Adrian Florey apparently had the same attitude, referring to endothelial cells as "a sheet of nucleated cellophane" (1, 2). Fortunately, we ignored the advice (3, 4) as well as the literature.
The late 1960s and early 1970s were particularly exciting times to be involved in studying the biology of hemostasis. Explosive new ideas were revolutionizing the concepts of blood coagulation physiology and biochemistry (5, 6) . At the same time, the role of the circulating platelet as the major player in primary hemostasis, leading to the arrest of bleeding, and the paradigm of thrombo-
Figure 1
Summary slide presented at the plenary session of the 1974 ASCI annual meeting in Atlantic City showing the first cultured endothelial cells and the criteria used to identify them.
regulation only served to focus attention on the vessel wall and on the endothelial cell specifically. The time was clearly ripe for studying the endothelial cell directly.
In previous years, a number of attempts had been made to culture isolated vascular intimal cells. Warren Lewis (7) in 1922 was among the first to publish a study of in vitro plasma clot culture of vascular endothelium. A number of subsequent studies involved "organ" cultures using whole segments of large-animal or human arteries cultivated under various in vitro conditions without separation of the different cellular components (8) . However, it was generally impossible to adequately distinguish intimal endothelial cells under those conditions. Interestingly, one study (9) suggested that endothelial cells could be derived from hematopoietic sources but transformed into fibroblasts after 4-5 generations in culture. It is probable that human aortic endothelial cells were grown successfully in culture in 1958 (10) . Sheetlike polygonal monolayers were grown, but again definitive identification was not possible, and the potential importance of the work was not appreciated. Yuji Maruyama (11) was the first to report the in vitro culture of human umbilical vein endothelial cells, but these cells were not definitively identified, and it was generally felt that they were in fact fibroblasts. Other later attempts (12, 13) were similarly received with skepticism.
When we proposed trying to culture endothelial cells, our colleagues were rather surprised at first, since the focus and expertise of the lab was platelets and endothelial cells, and the new direction seemed to be off the beaten track. A previous fellow with experience in tissue culture had tried, unsuccessfully, to culture endothelial cells. Further, Jaffe had no experience at all in tissue culture, and neither did anyone else in the lab. These conditions seemed to Jaffe to be rather inauspicious, and as a result, there were some misgivings about spending the research year of a hematology fellowship on this project. However, we persisted, and Jaffe soon committed to the project.
To remedy a total lack of knowledge of tissue culture, Jaffe consulted Karen Artzt, then a graduate student at Cornell University. She was conversant with the ins and outs of tissue culture, and during an afternoon in her lab, she gave an introduction to practical tissue culture. As a parting present after the introduction was over, she loaned us a book on the subject, which was immediately devoured over the weekend, along with the pertinent reprints of previous work by others and the earlier fellow's unsuccessful results. By Monday, after a weekend of reading and planning, we started the experiments.
As a complete beginner at experimental work, Jaffe made a major but extremely effective misjudgment by simultaneously changing a large number of variables in the experimental procedures used in the previously published papers on this subject. Among other changes, the enzyme used to attempt to digest the endothelial cells from the interior of the umbilical vein was changed from trypsin to collagenase, and the amount of fetal calf serum used in the culture media was changed from 5% to 20%. Since the previous techniques had limited success, we were in uncharted territory and could proceed as we thought best. We decided, as others had before us, to employ the umbilical vein as a source of endothelial cells, since umbilical cords were so readily available and easy to work with because their vessels were unbranched and of decent size.
Our initial attempt at isolating endothelial cells was performed on a Monday (June 28, 1971) , and the isolated cells were cultured overnight. By Tuesday, it was immediately obvious that we were on the right track. We had clearly cultured what appeared to be endothelial cells -a monolayer of very flat, polygonal-shaped cells. However, since the experiment had been a preliminary run-through performed on a counter top rather than in a tissue culture laminar flow hood, we had used less-than-sterile technique, and the cultures were heavily contaminated with fungus. Over the next two days, we repeated the experiments using proper sterile technique, and by Thursday (July 1), we had obtained a sterile culture of what we believed were endothelial cells. The cells divided and multiplied in vitro in tissue culture and could be passaged a number of times, which allowed us to study their functions. Our successful multiple and simultaneous alterations in the isolation and culture conditions enabled future investigators to easily obtain pure cultures of endothelial cells for use in their studies.
However, complete acceptance of the nature of our cultured cells depended on definitively identifying them as endothelial cells. At the time, the known definitive endothelial cell markers were useful in characterizing small numbers of cells but could not be used to look at large populations of cells. While the cultured putative endothelial cells contained Weibel-Palade bodies, as determined by electron microscopy, the technique was not suitable for scanning large numbers of cells. Similarly, while we could scan large numbers of cells for ABO blood group antigens -whose presence was consistent with the ABO blood type of the umbilical cord donor -only 20-30% of our cultured endothelial cells expressed the antigen, which left the nature of the ABO antigen-negative cells in doubt.
Providently, Lee Hoyer presented work at the April 1972 FASEB conference showing that in tissue sections, endothelial cells contained antihemophilic factor antigen, now called von Willebrand factor. In his studies, vWF antigen was present in endothelial cells in all tissues tested by immunofluorescence but was not present in smooth muscle cells or in fibroblasts (14) . In collaboration with him, we studied the expression of vWF antigen by our cultured endothelial cells and were able to demonstrate that the cells in our culture all contained vWF, whereas vWF was absent in all cultured smooth muscle cells and fibroblasts. This observation enabled us to definitively demonstrate that our cultured cells were endothelial cells, and the details of our papers also provided other laboratories with an easy and accurate identification method. This work in two papers, one describing the isolation and culture of the cells along with electron microscopy and immunologic studies and the other describing our vWF studies, was published ad seriatim in the JCI in November 1973 (3, 4) . A summary of the key findings as presented at the plenary session of the ASCI annual 1974 meeting in Atlantic City, New Jersey, is shown in Figure 1 .
Our two papers and a study published a year later (15) had a catalytic effect, initiating a broad interest in the field and ushering in the development of modern vascular biology as a major focus of biomedical research. A time line illustrating the growth of citations of "endothelium" in the biomedical literature is shown in Figure 2 . It is apparent that the last 15 years have witnessed a veritable explosion of scientific activity dealing with this tissue. Our clear-cut demonstration of the synthesis of vWF by endothelial cells (16) furnished the scientific community with a firm biochemical marker to identify and track these cells in various biological settings, including in vitro and in vivo conditions. In addition, an appreciation of the cellular biology of the platelet and the blood coagulation system clearly defined the endothelial cell as the maestro of thromboregulation (Figure 3) . It soon became clear that a major physiologic constitutive function of normal endothelium was the maintenance of normal blood fluidity and the establishment of a steady state of non-thrombogenicity. Downregulation of platelet activation and thrombin generation constituted a major role of normal endothelium. The endothelial cell began to assume center stage in the biology of the blood vessel wall, with important clinical implications. A number of inherited primary thrombophilic states were found to be associated with abnormalities of endothelial cell-mediated anticoagulant membrane functions (Figure 3) . In contrast, some pathological clinical conditions such as sepsis were found to be associated with the conversion to a non-constitutive activated endothelial state with an inflammatory thrombogenic phenotype (17, 18) .
In the last decade, important advances in endothelial cell biology have had a major impact on our understanding of numerous pathophysiologic conditions. The activated endothelial cell in various clinical states, including inflammatory diseases and cancer, has become a major target of human therapeutics (19, 20) . Dysfunctional endothelium appears to contribute significantly to systemic vascular disorders such as atherosclerosis (21) . Biomechanically inducible endothelial cell genes alter the endothelial cell phenotype and contribute to lesion formation and progression. Mechano-transduction at the membrane surface in response to specific fluid mechanical forces is a major variable in determining the local geography of vasculopathic disorders (22) . Another local factor that clearly determines disease expression is the functional heterogeneity of different vascular beds (23) . Recent studies employing gene expression profiling have shown significant endothelial cell diversity at different sites in the vascular tree (24) . There are marked differences in the genotype of large vessel and microvascular endothelium. In addition, specific arterial and venous gene expression profiles have been identified. The resultant phenotypic differences characterize specific clinical disorders. For instance, the lesions typical of thrombotic thrombocytopenic purpura are not seen in the vascular beds of the liver or lung (25) . Similarly, intra-abdominal thrombosis of the hepatic and portal veins are characteristic features of myeloproliferative states (26) . It has become abundantly clear that the tissue microenvironment surrounding blood vessels controls endothelial cell phenotype. Recent proteomic studies have identified endothelial cell proteins restricted to specialized membrane microdomains expressed in specific tissues (27) . These "molecular addresses" in solid tumors, essentially unexpressed in normal tissue, have become targets for endothelial cell-focused tissue-specific therapy (27) . The therapeutic impact of the vascular biology explosion involving angiogenesis-modulating agents that interfere directly with invasive tumor growth and metastasis has already begun to influence modern chemotherapy (28, 29) .
The relationship of endothelial cells to stem cells has received increasing attention in recent years. Bone marrow-derived endothelial cell progenitors can restore tissue vascularization after ischemic insults (30) . This raises the intriguing possibility of ex vivo production of autologous endothelium for various therapeutic purposes. Endothelial cell trophic factors, yet to be fully identified, regulate neural and possibly pancreatic as well as liver stem cell proliferation and differentiation (31) . This exciting new role of the endothelium as a "tissue architect" awaits future studies.
With the passing of more than 3 decades, it is interesting to speculate on why our two papers had such a revolutionary impact on the growth and development of the field of
Figure 3
The endothelial cell as the maestro of thromboregulation. Non-thrombogenic functions shown in green include the thrombomodulin-thrombin protein C system, tissue factor pathway inhibitor, plasmin generating system, and the heparin antithrombin system. Additionally, there are non-thrombogenic interactions with platelets through CD39, nitric oxide, and the eicosanoid pathway. Non-constitutive "activated" functions (red) on the luminal side of the cell include upregulation of cell adhesion molecules and tissue factor, factor IXa binding, platelet activating factor release (PAF), factor V synthesis, and basally: PDGF release and plasminogenactivated inhibitor-1 release. Abluminal matrix deposition of collagen, vWF, fibronectin and thrombospondin are also shown. vascular biology. It is apparent that two key variables were crucial in focusing attention on the work: (1) easy availability of a source tissue (umbilical vein) to isolate and grow a relatively pure population of cells; and (2) identification of an easily demonstrable immunohistochemical and functional marker (vWF) to unequivocally identify the cells in question. Thus the biomedical community was able to appreciate and characterize a heretofore unrecognized and inaccessible endothelial organ, of great importance in human health and disease. Looking back at these successful experiments is gratifying, but looking ahead at the potential human therapeutic possibilities based on these discoveries is even more exciting.
One thing leads to another

Jules Hirsch
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In 1956, the JCI published an article by Vincent Dole on a method for titrating plasma fatty acids that uncovered the importance of fatty acids as a substrate for glucose metabolism. When asked to prepare a historical perspective on this very popular paper, I paid Dole a visit and we reminisced. His answer to my question of how he came to do this work on plasma fatty acids was: "Well, one thing leads to another." Let me remind the reader of what "things" were like in 1956 and how they might have related to Dole's important contribution.
In 1954, when I began research in lipid chemistry and metabolism, overall biochemical understanding was being greatly energized elsewhere, in learning about the structure and conformation of proteins and coming to grips with the molecular mechanisms of enzymatic control in living systems. In intermediary metabolism, the central players were the carbohydrates; updates of the latest findings could be found in large, colorful metabolic maps on doors or walls in the cramped office space of academic researchers.
Lipid research lagged because the separation of the various chemical classes of lipids required for many experiments was extremely tedious, and the characterization of molecular structures within each class was time consuming and often not reproducible. Even the name was uncertain -some investigators called them "lipids," and others, "lipides." JAMA and Lancet insisted that "lipids" and expanded by the availability of isotopically labeled compounds and new analytic techniques, but lipid research was developing more slowly. It was appreciated that fats were the largest source of stored energy in the body and were also the major constituents of membranes, yet the then-current, 900-page biochemistry text of Fruton and Simmonds devoted only 25 pages to fats, phospholipids, and fatty acids (1). The real excitement was
